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Hamster Flank Organ Hydrolase and Lipase Activity 
ARAX GuLBENKIAN, B.A, JoYCE MYERS, B.A, AND DEBORAH FRIES, B.Sc. 
Department of Biochemistry, Schering Co1p., Bloomfield, N.J., U.S.A. 
The hydrolase and lipase activities of homogenates of 
the golden Syrian hamster flank organ (sebaceous com-
plex) and skin were studied using synthetic fluorogenic 
substrates, 4-methylumbelliferone butyrate (4 MUB) or 
4-methylumbelliferone palmitate (4 MUP). Homogenates 
of both flank organ and skin demonstrate a higher level 
of hydrolase activity (MUB substrate) than lipase activ-
ity. Flank organ however is enriched in lipase activity 
(4 MUP substrate) demonstrating 8 times as much activ-
ity as the skin. Systemic androgen treatment of female 
hamsters significantly stimulates the flank lipase activ-
ity while topical estradiol or the antiandrogen flutamide 
significantly decrease lipase. Testosterone and estradiol 
have a converse and weaker influence on hydrolase ac-
tivity suggesting that this activity may be associated 
with different cell types. These effects do not appear to 
be direct since these compounds do not inhibit either 
enzyme in vitro. This data suggests a role for endogenous 
tissue lipases in the maturation of sebaceous tissue. 
Tetracycline and retinoic acid inhibit the activity of 
both enzymes in vitro. Retinoic acid also inhibited both 
in vivo while tetracycline inhibited only the lipase. 
There are 2 recognized sources of lipase enzyme in human 
skin (a) an extracellular bacterial enzyme (1] and (b) an endog-
enous tissue enzyme. This latter enzyme has been described in 
early biochemical studies [2,3]. In 1974 P.D. Mier and J. Van 
den Hurk described a direct biochemical assay for the lipase 
(EC 3.1.1.3) activity of epidermis [ 4]. This article prompted us 
to apply this system to the study of lipases in hamster sebaceous 
tissue (flank organs). These flank organs (or costavertebral 
organs) of the hamster are paired, pigmented areas on either 
flank . In mature males these areas increase in size and are 
histologically distinguishable by groups of large sebaceous 
glands forming pilosebaceous complexes with coarse hairs. The 
morphological changes in these structmes caused by castration 
and subsequent administration of androgens are similar to those 
occurring in ordinary sebaceous glands (5]. Consequently, they 
provide useful tools for the study of sebaceous gland metabo-
lism. 
The purpose of these studies was to determine if this en-
zyme(s) was present in sebaceous type tissue and if so to 
document the effects of androgen and estrogen on it in vivo and 
in vitro. Additionally, since the sebaceous gland is the target 
organ for the acnegenic process, we attempted to study any 
possible influences of anti-acne agents on this system. 
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Abbreviations: 
4 MU: 4-methylumbelliferone 
4 MUB: 4-methylumbelliferone butyrate 
4 MUP: 4-methylumbelliferone palmitate 
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MATERIALS AND METHODS 
The 4-methylumbelliferone (4 MU) esters were purchased from 
Eastman Kodak Co. (Rochester, N.Y.). Male and female golden Syrian 
hamsters (90-120 gm) obtained from Lakeview Farms, N.J. were used 
for these studies. Animals were killed by placing them in a C02 
atmosphere. They were then shaved, and skin samples, and entire flank 
organs excised. These tissues were kept at 4°C and homogenates 
prepareP. rapidly using an all glass homogenizer at a tissue concentra-
tion of approximately 10 mg/ ml in water. 
When the effects of amll-ogen on flank organs was studied, female 
hamsters were treated for 10 days subcutaneously into the dorsal area 
with 125 J.lg/day of testosterone propionate in sesame oil and control 
hamsters with sesame oil only. Other agents such as estradiol, flutamide 
[6], tetracycline and retinoic acid were applied topically to the shaved 
flank organ of male hamsters in 10 J.!l of either acetone or propylene-
glycol: ethanol (1:1) daily for varying lengths of time. Three homs after 
the last treatment the hamsters were killed and flank organs wiped free 
of excess drug, removed, kept at 4°C and assayed for enzyme activity 
in vitro within 30 min. The assay for enzyme activity was based on the 
technique described by Guilbault and Hieserman [7] and modified by 
Mier and Van den Hurk [4] in which t he enzyme activity is determined 
by measw-ing the release of fluorescent 4 MU from its corresponding 
ester. Triton X-100 was used as an emulsifying agent. All fluorescence 
measurements were made using a Farrand Fluorometer (A ex = 360 
nm, A em = 450 nm). Two esters of the fluorogenic compound 4 MU 
v;•ere used as substrates, 4 MU butyrate and 4 MU palmitate, and 
release of fluorescent product was used to define hydrolase and lipase 
activi ty respectively. 
The reaction mixture to determine hydrolase activity contained 0.8 
m1 tris-acetate buffer (.04 M, pH 8.4) , 0.1 ml 4-methylumbelliferone 
butyrate (4 MUB) (50 J.IITIOI/1), 0.1 ml tissue homogenate (diluted to 
contain approximately 5 mg wet tissue/ ml homogenate). When mea-
suring lipase, 0.2 ml of 4-methylumbelliferone palmitate (4 MUP) 
substrate (50 J.lmol/1) 0.5 ml tissue homogenate (containing approxi-
mately 10 mg tissue/ ml) and 0.7 ml Tris acetate buffer were used. The 
skin and flank organ lipases as homogenates lose activity with time 
even if refrigerated and must be assayed immediately after homogeni-
zation. Reaction mixtures were incubated at 25°C and the increase in 
fluorescence was recorded over a 15-min period. 
A control, in which tissue extract was replaced by water, as well as 
4 MU standards were included in each series of assays. For in vitro 
inhibitor studies blanks containing inhibitor and substrate but no tissue 
extract were also included. Enzyme activity was expre sed as nmol 4 
MU liberated/ 15 min/ mg protein. Protein was determined using the 
method of Lowry et al [8]. 
RESULTS 
Enzyme Properties 
The effect of pH on the hydrolase and lipase activities of 
both skin and flank organ homogenates is shown in Fig 1 in 
terms of nmol 4 MU released and has been corrected with 
respect to the pH effect on 4 MU itself. The fluorescence of 4 
MU correlates directly with increasing pH between 6.0 and 8.8 
making assay for this product very insensitive below 7.2. pH 
appears to have little effects on enzyme activity between 6.8 
and 8.8 with the exception of flank hydrolase which showed a 
small but distinct peak at 8.4. In view of this and the increased 
fluorogenic sensitivity of 4 MU at 8.4 we choose this pH for ali 
our studies. Neither ester has an appreciable rate of nonenzy-
matic hydrolysis at this pH. 
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Since the release of fluorescent 4 MU from the 4 MU ester 
substrate induced by both the skin and flank organ homage-
nates was observed to proceed as a linear process for at least 25 
min at room temperature (25°C), we elected to measure the 
increase in fluorescence during the first 15 min. Figure 2 shows 
the difference in rates of hydrolysis of the butyrate and palmi-
tate esters at varying flank organ concentrations. There is an 
obvious preference for the butyrate ester over the palmitate, 
however a linear relationship exists between increasing enzyme 
(homogenate) concentrations tested and activity as measured 
by increased fluorescence (llF) for both substrates. Homage-
nates of hamster skin showed similar characteristics in terms of 
preference for 4 MUB substrate and linearity to increasing 
tissue concentration with both substrates. 
Both hydrolase and lipase activity could be completely de-
stroyed by boiling the homogenates for 5 min. Heat treatment 
at 50°C for 30 min caused 31% inhibition of the flank organ 
lipase. Hydrolase activity at this temperature was not studied. 
When the flank organ homogenate was centrifuged at 400 g for 
10 min and the supernate used as the enzyme source, there was 
no reduction in hydrolase activity from that of whole homage-
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FIG 1. PH curves of hydrolase and lipase enzymes of hamster flank 
organ and skin. 
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FIG 2. Plot of rate of hydrolysis of 4-methylumbelliferone esters by 
flank organ homogenate [E]. 
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nate but only 56% of the lipase activity of the whole homogenate 
remained. 
Comparison of Sllin and Flanll Organ 
The flank organ hydrolase activity was slightly but signifi-
cantly greater than that in the skin (Table I) (10.4 vs 12.7 
nmoles). Of greater interest is the fact that lipase activity in the 
flank is considerably greater than in skin by about 8-fold (1.79 
vs 0.23 nmoles) . 
Enzyme Inhibition in vitro (Table II) 
A variety of agents were tested in vitro against both the 
hydrolase and lipase enzymes from sebaceous gland. Estradiol 
(estrogen), flutamide (antiandrogen) and clindamycin (anti-
acne agent) tested at 5 X 10- 5 M were without effect on either 
enzyme while tetracycline and retinoic acid both caused sig-
nificant inhibition of both enzymes as is shown by their re-
sponses at three concentrations (1 X 10- '\ 5 X 10- 5, 1 X 10- 5). 
Effect of Androgen Stimulation of Flank Organs in Vivo 
Ten days treatment with testosterone propionate clearly 
increased the weight of the flank organs (12.0 to 39.8 mg), and 
their protein content (Table III). The hydrolase activity of the 
flank organ from the testosterone treated hamsters was de-
creased significantly compared to control animals (31.3 to 12.2 
nmoles) while the lipase activity was increased significantly (0.4 
to 2.23 nmoles) . 
Effect of Topical Estrogen Treatment on Male Hamster 
Flanlls 
Estradiol treatment for 15 days caused a significant reduction 
in flank weight from 33.1 mg to 18.6 mg (44% reduction) (Table 
IV). Lipase activity was decreased (2.5 to 0.36 nmoles) as a 
result of the estrogen treatment while the hydrolase activity 
increased slightly but significantly 16.5 to 20.0 nmoles) . 
Effect of Topical Antiandrogen Treatment on Male Hamster 
Flanhs 
Male hamsters were treated topically on both shaven flank 
organs with either acetone or flutam ide for 15 days (Table V). 
TABLE I. Comparison of male hamster shin and flanh hydrolase 
and lipase activity" 
Enzyme Source 
Skin 
Flank 
Hydrolase 
enzyme 
activity 
10.39 ± 0.59" 
12. 70c ± 0.51 
Lipase 
enzyme 
activity 
0.23 ± 0.01 
1.79c ± O.Q7 
"Activity expressed as nmoles 4-methylumbelliferone/15 min/ mg 
protein. 
"Standard error of the mean-10 samples (5 hamsters) . 
,, Significantly different from skin value (p < 0.05) using Student's t-
test. 
TABLE II. Effect of various agents in vitro on hamster flank organ 
enzymes 
% Inhibition ± SO 
Treatment 
Molar Cone . Lipase Hydrolase 
Tetracycline . 1 X 10_,, 75 ± 2.5 80 ± 3.2 
5 X 10-5 50± 3.0 55± 2.7 
1 X 10- 5 30 ± 2.8 28 ± 2.5 
Retinoic acid 1 X 10- 4 87 ± 2.6 87 ± 3.0 
5 X 10- 5 77 ± 1.8 69 ± 2.6 
1 X 10- 5 38 ± 2.4 31 ± 2.3 
Flu tam ide 5 X 10- 5 16 ± 5.2 20 ± 6.0 
Estradiol 5 X 10- 5 11 ± 4.8 7 ± 3.0 
Clindamycin 5 X 10- 5 5 ± 2.5 l ± 2.2 
Data represents the results using 3 separate enzyme preparations 
with each treatment for each enzyme system. 
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The flutamide treatment caused a significant reduction in flank 
organ weight (25%) while protein content increased from 250 to 
570 mg. This effect was not significant due to the large varia-
bility within the group. Hydrolase activity was not affected but 
lipase activity showed a small but significant reduction (1.78 to 
1.26 nmoles) . 
Topical Effect of Anti Acne Agents, Tetracycline and 
Retinoic Acid (Table VI) 
Topical treatment with 1% tetracycline or 1% retinoic acid 
on both shaven flank organs daily for 4 days had no effect on 
flank organ weight or protein content. Both lipase and hydro-
lase activity were significantly depressed with retinoic acid 
treatment (33, 22% respectively). Tetracycline decreased lipase 
activity only (33%). 
DISCUSSION 
The use of fluorogenic substrates as extremely sensitive sys-
tems for studying lipase (EC 3.1.1.3) activity was identified by 
Guilbault and Hieserman [7] who also reported on their speci-
ficity. The only interference demonstrated was from cholin-
esterase (EC 3.1.1.8) which reacted with esters of chain length 
C2 through C8 but not C,a. Cotton et al, 1973 [9] has reported 
that acetylcholine is only slowly hydrolyzed by skin extracts. 
Since we have not studied the effect of flank organ homogenate 
on acetylcholine we cannot rule out the presence of a cholin-
esterase activity on 4 MUB. 
Our work compliments that of Mier and Van den Hurk [4] in 
that both skin and flank organ homogenates cleave 4 MUB 
more readily than 4 MUP. While it is obvious that these 
homogenates represent very complex systems, there are distinct 
differences in the manner in which hydrolysis of these 2 esters 
is affected. For ease of discussion we designated the activity 
associated with the short chain ester, the butyrate substrate, 
hydrolase and with the palmitate substrate, lipase. 
These activities appear to be associated with different com-
ponents of the flank organ homogenate since 44% of the lipase 
activity resides with the pellet from a 400 g centrifugation while 
all the hydrolase activity remains in the soluble supernate. 
Both skin and sebaceous tissue demonstrate hydrolase and 
lipase activity. While there is only a 1.2-fold increase in seba-
ceous gland hydrolase as compared to skin, there is an 8-fold 
increase in the activity of the sebaceous gland lipase compared 
to skin suggesting that this enzyme activity relates directly to 
the development of sebaceous tissue. 
TABLE III. Effect of androgen treatment on flanll organ hydrolase and lipase activity of female hamsters 
Treatment" 
Solvent 
Testosterone propionate 
(S.C.) 125 J.Lg/ d/ 10 days 
Flank wt (mg) 
12.0 ± .76° 
39.8d ± 3.05 
Protein mg/g wet wt 
185 ± 8 
280rl ± 16 
Hydrolase enzyme activity• 
31.28 ± 1.43 
12.23rl ± 0.32 
Lipase enzyme activity• 
0.40 ± 0.04 
2.23rl ± 0.13 
"Five female hamsters (90-100 g) per treatment group were given 0.1 ml of sesame oil or 125 J.Lg testosterone propionate in sesame oil 
subcutaneously per day for 10 days. 
1
' Enzyme activity= nmoles 4 MU/ 15 min/ mg protein. 
<Standard e'rror of the mean-10 samples. 
rl Significantly different from solvent treated 'i' hamsters using Student's t-test (p < 0.05) . 
TABLE IV. Effect of estradiol on (lan/1 organ hydrolase and lipase activity of male hamsters 
Treatment" 
Solvent 
Estradiol-15 days 
(0.3 mg/d) 
Flank wt (mg) 
33.1 ± 1. 7" 
l8.6rl ± 1.6 
Protein 
mg/ g wet wt 
220 ± 10 
220 ± 10 
Hydrolase enzyme 
activi ty'' 
16.5 ± 0.7 
20.0rl ± 0.6 
Lipase. enz~me 
act1v1ty 
2.5 ± 0.2 
0.36rl ± 0.05 
"Six male ha msters were treated topically on both shaven flank organs with either acetone or estradiol (0.3 mg/ day) in acetone for 15 days. 
"Enzyme activity expressed as nmoles 4-methylumbelliferone/ 15 min/ mg protein. 
• Standard error of the mean-12 samples. 
"Significantly different from solvent t reated hamsters using Student's t-test (p < 0.05). 
TABLE V. Effect of an antiandrogen (flutamide) on flanll organ hydrolase and lipase activity of male hamsters 
Treatment" 
Solvent 
Flutamide-15 days 
(0.1 mg/ d) 
Flank wt (mg) 
40.4 ± 3.0° 
30.9d ± 2.4 
Protein 
mg/g wet wt 
250 ± 10 
570 ± 200 
Hydrolase enzyme Lipase. e.nz.);me 
activity• activity 
17.6 ± 1.9 1.78 ± 0.21 
15.7 ± 0.5 1.26' ± 0.18 
"Six male hamsters were treated topically on both shaven flank organs with either acetone or flutamide (0.1 mg/ day) in acetone for 15 days. 
" Enzyme activity expressed as nmoles 4-methylumbelliferone/ 15 rnin/ mg protein. 
• Standard error of the mean-12 samples. 
d Significantly less than solvent treated hamsters using Student's t-test (p < 0.05). 
• Significantly less than solvent treated hamsters using Student's t-test (p < 0.01) . 
TABLE VI. Topical effect of tetracycline and retinoic acid on flanll organ hydrolase and lipase activity of male hamsters 
Treatment" Flank wt Protein Hydrolase enzyme Lipase enz.);me (mg) mg/ g wet wt activity' activity 
Solvent 38 ± 2.o• 190 ± 10 11.7 ± 0.8 3.08 ± 0.20 
1% Tetracycline 37 ± 1.5 220 ± 10 11.2±0.7 2.11d ± 0.11 
1% Retinoic acid 44 ± 2.1 210 ± 10 9.1" ± 0.4 2.11" ± 0.12 
"Male hamsters per treatment group received either 10 J.LI propylene glycol:ethanol (1:1) or 1% tetracycline or 1% retinoic acid in the solvent 
on each shaved flank daily for 4 days. 
6 Enzyme activity expressed as nmoles 4-methylumbelliferone/15 min/mg protein. 
• Standard error of the mean - 10 samples. 
"Significantly less than solvent treated hamster using Student's t-test (p < 0.05). 
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This was further substantiated by our observations that 
androgen treatment which is known to stimulate both organ 
and cell size causes a definite increase in lipase activity, while 
the antiandrogen, flutamide and estradiol cause a decrease in 
lipase activity. Since none of these agents have any effect in 
vitro on this enzyme it is unlikely that their actions in vivo are 
direct. 
The converse and considerably weaker effects of testosterone 
and estradiol on the hydrolase activity appears to be indepen-
dent of the lipase effect and many indicate that this activity is 
associated with an epithelial component of the epidermis and 
hair follicles. The method of tissue preparation would not 
exclude this component from the flank organ homogenate. 
While several mechanisms of action have been proposed for 
tetracycline's therapeutic effect in acne, substantial evidence in 
the literature shows that the antibiotic, tetracycline in vivo 
inhibits the bacterial lipase of Proionibacterium acnes [10] as 
well as pancreatic lipase [11]. Therefore, we were not surprised 
to fmd that it also inhibits both the sebaceous hydrolase and 
lipase activities in vitro. When applied topically tetracycline 
inhibits lipase activity not hydrolase. This somewhat puzzling 
effect may reflect an inability of topically applied tetracycline 
to reach the appropriate cellular component associated with 
the hydrolase activity. 
Clindamycin another antibiotic inhibits P. acnes growth but 
is inactive in vitro against the exolipase or against pancreatic 
lipase (unpublished data). As might be expected it has no 
activity against the lipase or hydrolase. 
Retinoic acid is thought to be effective in acne because of its 
comedolytic action [12] on sebaceous impactions. In our studies 
it inhibits both lipase and hydrolase activity in vivo and in vitro 
suggesting that this action is a direct effect. There is a possibility 
that the topical effect of decreased enzyme activity seen with 
tetracycline and retinoic acid could be due to residual drug on 
the surface of the excised tissue being carried into the enzyme 
homogenate in spite of careful wiping, since these agents are 
effective inhibitors of both enzyme in vitro at 5 X 10- 5 M. This 
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cannot be the case for flutamide or estradiol since neither of 
these had any significant effect on these enzymes in vitro. 
In summary, we have demonstrated hydrolase and lipase 
activity in homogenates of hamster skin and flank organ . The 
flank organ lipase activity can be stimulated in vivo by androgen 
and suppressed by topical treatment with estrogen, antiandro-
gen, tetracycline and retinoic acid, the latter two probably 
through a direct effect on the enzymes. 
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